Objective: To assess the relation between parkinsonism and cognitive function in Alzheimer disease from cross-sectional and longitudinal perspectives.
tion at baseline and with more rapid cognitive decline during the 4-year study period. However, the associations were small, with baseline parkinsonism accounting for less than 10% of the variation either in baseline cognitive function or in the rate of cognitive decline. By contrast, rates of change in parkinsonism and cognitive function were strongly correlated, with 70% or more shared variance in the rates of change in many models. The association was observed with diverse measures of cognition and parkinsonism and was not explained by demographic variables or use of neuroleptic medications.
Conclusion:
In Alzheimer disease, progressive worsening of parkinsonism is more strongly associated with cognitive decline than previously recognized.
Arch Neurol. 2000; 57:855-860 S IGNS OF parkinsonism are common in Alzheimer disease (AD), but their relation to the principal manifestation of the disease, progressive cognitive decline, has been controversial. Several cross-sectional studies have found greater cognitive impairment, on average, in persons with parkinsonian signs compared with those without them, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] but evidence of this association in other studies has been mixed 11, 12 or absent. 13, 14 Some longitudinal studies have found that the presence of parkinsonism at the initial evaluation, or at some other specified point, is associated with more rapid cognitive decline. 10, 15, 16 Other longitudinal studies, however, have obtained mixed 14, 17 or null 5, [18] [19] [20] results. This inconsistency may reflect several issues. First, demographic (eg, age) and clinical (eg, use of neuroleptic medications) characteristics may influence cognitive function, parkinsonism, or both, and these influences have not always been adequately considered, especially in longitudinal studies. Second, most studies have relied exclusively on global measures of parkinsonism and cognitive function. Yet there is some evidence that the association between parkinsonism and cognitive function varies across individual parkinsonian signs and specific forms of cognition, 8, 9, 11 and global measures may obscure such associations.
Another, more basic issue is that previous studies have treated parkinsonism as a fixed predictor. However, parkinsonism in AD seems to be progressive, 7, [20] [21] [22] [23] and it is likely that the rates of progression are variable from person to person. 23 As a result, measurement of the severity of parkinsonism at a single point in time may not adequately represent the cumulative burden of parkinsonism over an extended period and, therefore, may have inherent limitations in predicting disease outcomes such as loss of cognitive function.
In this article, we examined these issues using data from a 4-year longitudinal study of a large cohort with clinically diagnosed AD. 23, 24 Annual evaluations in- cluded detailed assessments of cognitive function and parkinsonism from which both global and specific measures were derived. We estimated the correlations of baseline parkinsonism with cognitive function at baseline, of baseline parkinsonism with change in cognitive function, and of change in parkinsonism with change in cognitive function. Additional analyses examined the role of potentially confounding factors and whether the association of parkinsonism with cognitive function varied across individual parkinsonian signs or specific cognitive domains.
RESULTS
To capitalize on all available data, global measures of parkinsonism and cognitive function were used in primary analyses. At baseline, the global measure of parkinsonism ranged from 0 to 51 (mean [SD] = 9.9 [9.9] ) and the composite measure of cognitive function ranged from −1.7 to 1.4 standard units (mean [SD] = 0.0 [0.6] standard units), with higher scores indicating more severe parkinsonism and better cognitive functioning. At baseline, the correlation between the global measure of parkinsonism and the composite measure of cognitive function was −0.30 (PϽ.001). Persons with more severe parkinsonism tended to have lower cognitive function, but only about 9% of the variability in cognitive function at baseline was associated with severity of parkinsonism.
The relation of parkinsonism at baseline to subsequent rate of cognitive decline was assessed in a random effects model with terms for time, baseline parkinsonism, and their interaction ( Table 2) . There was an average annual decline of 0.51 standard units on the composite cognitive score (95% confidence interval, −0.44 to −0.58). With the association between baseline parkinsonism and cognitive function accounted for in the analysis, baseline parkinsonism was significantly related to rate of cognitive decline, as shown by the interaction term in the model. For each 1-point increase in baseline parkinsonism, rate of cognitive decline increased by an average of 0.01 standard units. Thus, the average annual rate of cognitive decline associated with a baseline parkinsonism score of 15 (75th percentile) was 0.66 standard units, an increase of about 29% compared with the average annual rate of decline ( −0.51 standard units) associated with a parkinsonism score of 0 (10th percentile).
To further quantify this association, individual rates of cognitive decline were estimated from a model with a term for time. The correlation of baseline parkinsonism score with rate of decline was −0.24 (PϽ.001),
SUBJECTS AND METHODS

SUBJECTS
Participants were recruited from the Rush Alzheimer's Disease Center, Chicago, Ill. Eligibility required a diagnosis of AD, 25 a Mini-Mental State Examination 26 score of 11 or more, and community residence at baseline; 410 people met these criteria and agreed to participate (83% of those eligible). Their mean (SD) age at baseline was 75.5 years (7.3 years), mean (SD) educational level was 12.0 years (3.4 years), and mean (SD) baseline Mini-Mental State Examination score was 18.7 (4.3); 274 were women; 61 were African American and the remainder were white. Informed consent was obtained from participants and their family members, following procedures approved by the Institutional Review Board of RushPresbyterian-St Luke's Medical Center.
CLINICAL EVALUATION
A structured clinical evaluation was administered at baseline and repeated annually with examiners blinded to previously collected data. The evaluation, which has been described elsewhere, 23, 24 included a medical history, neurological examination, cognitive testing, and interview with a knowledgeable informant. Laboratory tests and brain scans were done at baseline. Medications were inspected, identified, and coded using the Medi-Span Drug Data Base system. 27 Neuroleptic medications with the potential to cause parkinsonism were being taken by 44 persons at baseline and by 151 persons at 1 or more study evaluations.
The diagnosis of AD required a history of cognitive decline and evidence of impairment in memory and cognition, as specified by the joint working group of the National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association. 25 At baseline, 380 people met National Institute of Neurological and Communicative Disorders and StrokeAlzheimer's Disease and Related Disorders Association criteria for probable AD and 30 met criteria for possible AD. Because exclusion of the possible subgroup did not substantially change analytic results, it is included in all analyses reported in this article. Pathological criteria for AD 28 were met by 52 of the 54 study participants who underwent brain autopsy.
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Assessment of Parkinsonism
At each evaluation, the entire motor portion of the Unified Parkinson's Disease Rating Scale 29 plus a turning item 3 were administered. These data yielded summary measures of 4 parkinsonian signs-bradykinesia, gait disorder/ postural reflex impairment, rigidity, and tremor-and a global measure of parkinsonism. Scores on each measure range from 0 to 100 and represent the percentage of the total possible item score obtained. Information on the derivation and psychometric properties of these summary scores and their patterns of change in this cohort has been published elsewhere. indicating that about 6% of the variation in the rate of cognitive decline was associated with baseline severity of parkinsonism.
The association between change in parkinsonism and change in cognitive function was assessed by fitting random effects models to both outcomes simultaneously. The resulting correlation between rates of change in the global measure of parkinsonism and the composite cognitive score was −0.83. This means that more than two thirds of the variation in rate of cognitive decline could be predicted from knowledge of the rate of progression of parkinsonism alone.
The Figure is a 2-dimensional histogram of rates of change in the global measures of parkinsonism and cognition estimated by the model. The points cluster along the full range of the diagonal, indicating a strong linear association between change in these 2 domains of function.
Because neuroleptic medications can contribute to parkinsonism and may impair cognitive function, analyses were repeated excluding persons with neuroleptic use. Among those who were not using neuroleptic medications at baseline, the correlation between parkinsonism and cognition at baseline was −0.26 (PϽ.001). In those who were not using neuroleptic medications at any evaluation, the association between baseline parkinsonism and rate of cognitive decline was unchanged from the primary model (for interaction of baseline parkinsonism and time, mean [SE]=−0.01 [0.003]). In this same subset, the correlation between the rates of change in parkinsonism and cognition was −0.88.
Secondary analyses also addressed whether demographic variables, by virtue of an association with cognitive function, affected results. First, terms for age, education, sex, race, and their interactions with time were added to the model assessing the relation of baseline parkinsonism to rate of cognitive decline. Results were identical to those from the primary analysis (for interaction of baseline parkinsonism and time, mean [SE]= −0.01, [0.003]). Second, the simultaneous random effects analysis was repeated with terms added for age, then with terms for education, then with terms for sex, and then with terms for race. In these models, the correlations between rates of change in parkinsonism and cognition ranged from −0.82 to −0.85.
To see if the association between parkinsonism and cognitive function varied across specific subdomains of either, simultaneous random effects models were run with each parkinsonian sign score paired with each cognitive measure. Table 3 shows the correlations from these analyses in the full cohort and in the subset not receiving neuroleptic medications. Progression of each parcondition like AD, 36 summary measures were used in analyses rather than individual test scores. The primary measure was a composite score based on all 17 tests. Summary measures of memory, visuoconstruction, naming, and repetition, based on 6, 3, 4, and 4 tests, respectively, were used in some secondary analyses. Each measure was computed by converting raw scores on component tests to z scores, using the baseline means and SDs, and computing an average. An earlier publication provides further psychometric information on the summary measures of cognitive function, including the results of a factor analysis that guided formation of the specific cognitive measures. 24 
Follow-up Participation
There were 141 deaths during the study period. Analyses required at least 2 valid scores on a given outcome measure. Of the 387 people who survived to the first follow-up evaluation, 354 (91.5%) met this criterion for the composite cognitive score (mean=3.8 observations per person), 365 (94.3%) met it for the global parkinsonism score (mean=4.0 observations per person), and 353 (91.2%) met it for both. Among survivors, the overall rate of missing data was 18.2% for the composite cognitive score and 11.1% for the global measure of parkinsonism. The specific cognitive scores and parkinsonian sign scores had similar rates of missing data. Further information about participation is published elsewhere.
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DATA ANALYSIS
The association of baseline level of parkinsonism with baseline level of cognitive function was assessed with product moment correlation coefficients. The association between baseline parkinsonism and rate of change in cognitive function was assessed in repeated measures regression models with random effects error structures. 37 These models included estimates of the mean overall level of cognitive function at the baseline and the mean rate of decline per year during the follow-up. The models assumed that each person's individual path then followed the mean path, except for random effects, which modified the overall level to be higher or lower, and the rate of change to be faster or slower. Each model had terms for (1) study time, which indicated the annual rate of cognitive change; (2) baseline parkinsonism, to control for the correlation of parkinsonism and cognition at baseline; and (3) the interaction of parkinsonism with time, which tested whether rate of cognitive change was correlated with baseline level of parkinsonism.
A second group of random effects models included repeated measures of both cognitive function and parkinsonism as outcomes, and characterized simultaneously the rate of change in each, individual differences in rates of change, and the associations between change in parkinsonism and change in cognitive function. 38 Each model provided a correlation coefficient between the estimated individual rates of change.
Secondary analyses addressed 3 issues. To see if neuroleptic medications affected results, analyses were repeated excluding those with neuroleptic use. To see if demographic variables influenced the correlation of parkinsonism and cognition, terms for age, education, sex, race, and their interactions with time were added to models. Finally, to see if the association of parkinsonism and cognition varied across individual parkinsonian signs or specific cognitive domains, analyses were repeated using specific measures of parkinsonism and cognition rather than global ones.
All models were validated both graphically and analytically for assumptions of linearity, multivariate normality, and homoscedasticity. Analyses were carried out in SAS. 39 (REPRINTED) ARCH NEUROL / VOL 57, JUNE 2000 WWW.ARCHNEUROL.COMkinsonian sign was related to more rapid decline in each cognitive domain. The correlations were largest for rigidity and smallest for tremor. In general, the size of the correlations did not strongly depend on the cognitive domain being measured. Correlations were somewhat larger for memory and smaller for naming, with visuoconstruction and repetition occupying intermediate positions. Exclusion of those on neuroleptic medications resulted in substantial increases in correlations involving tremor; correlations involving other signs were comparable or slightly increased.
COMMENT
In this cohort of people with AD evaluated annually during a 4-year period, severity of parkinsonism at the baseline evaluation was related to both baseline level of cognitive function and rate of cognitive decline. The size of these correlations was small, however, with baseline parkinsonism accounting for less than 10% of the variation in either baseline level of cognitive function or rate of cognitive decline. As noted above, a similar association has been reported in many cross-sectional and longitudinal studies, but other studies have yielded mixed or negative results. The inconsistency in prior studies is probably owing to the small effect size, differing methods of assessing parkinsonism, 40 and, in longitudinal studies, the complexities involved in securely characterizing individual rates of cognitive decline in this disease. 36 A novel feature of this study is that parkinsonism was assessed longitudinally. In contrast with the modest association of baseline parkinsonism with both baseline cognitive function and rate of cognitive decline, we observed a remarkably strong association between rate of progression of parkinsonism and rate of cognitive decline. The shared variance between rates of change in these outcomes was 70% or greater in some models. The association was not explained by demographic variables; it was slightly greater in the subset that was never treated with neuroleptic medications; and it was seen with both global and specific measures of parkinsonism and cognitive function.
The disparity between results obtained with assessment of parkinsonism at one point in time vs assessment of its rate of progression is striking. The strong effect ob- A n n u al C h an g e in P ar ki n so n is m A n n u a l C h a n g e in C o g n it io n tained with the fully longitudinal design indicates that knowledge of how a person is changing in one functional domain (ie, parkinsonism or cognition) provides a strong prediction of how that person is changing in the other domain. However, because individuals are changing at widely varying rates, 23 assessment of function at a single point in time, in parkinsonian or cognitive domains, is of limited value in predicting change within domains or across them.
These data suggest that worsening parkinsonism and declining cognition are strongly linked in persons with AD. This could be owing to a single pathological feature of AD affecting different brain regions that contribute to parkinsonism and cognitive impairment. For example, in the neocortex, neurofibrillary tangles are related to cognitive impairment, 41 and in the substantia nigra, they are related to parkinsonism. 42 In addition, impairment of the dopamine system could contribute to cognitive impairment. For example, severity of Parkinson disease, presumably an index of striatal dopamine depletion, has been related to cognitive performance. 43 Finally, it has long been speculated that degeneration of neurons throughout the neuraxis could share an etiopathogenesis such as oxidative stress. 44, 45 Because global measures of parkinsonism have been used in most previous longitudinal studies, little is known about correlations of specific parkinsonian signs with cognitive decline in AD. In this study, the rates of change in bradykinesia, gait disorder/postural reflex impairment, and especially rigidity were strongly related to rate of cognitive decline. A significant but substantially weaker association was observed for tremor. In cross-sectional research on Parkinson disease, a somewhat similar pattern has been described with motor signs other than tremor showing modest correlations with cognitive function. [46] [47] [48] Cross-sectional studies have suggested that the presence of parkinsonian signs in AD may affect some cognitive functions more than others, 8, 9, 11 but most previous longitudinal studies have used global mental status measures. In this study, parkinsonism was related to decline on specific measures of repetition, naming, visuoconstruction, and memory, and there were not strong differences between measures. Our results do not preclude the possibility that more specific effects might be seen with different cognitive measures or in the preclinical or very early stages of the disease. 49 Several factors increase confidence in the findings. First, the clinical diagnosis of AD was based on uniform application of widely accepted criteria and has agreed with pathological diagnosis in more than 90% of those who have come to autopsy. 24 Second, there was a high rate of follow-up participation among survivors, limiting possible bias owing to selective attrition. Third, the growth curve approach permitted characterization of individual paths of change in cognitive function, of how parkinsonism and other covariates were related to initial level of cognition and rate of change, and of how change in parkinsonism was associated with change in cognitive function. Fourth, previously established indexes of global and specific aspects of parkinsonism and cognitive function were used and yielded generally consistent results. Fifth, because of the large number of study participants, there was sufficient statistical power to evaluate demographic and clinical variables that might have affected results.
This study also has important limitations. First, participants were selected from a specialized diagnostic and treatment center and are unlikely to represent the full spectrum of AD in the general population. Longitudinal studies of population-based samples are needed. Second, observation over a period of more than 3 to 4 years would probably improve estimation of individual patterns of functional decline in this disease. 
